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1. Calibration of pressure measurement

2. Collisional rate constant and reaction efficiency
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3a. The thermokinetic method: gas-phase basicity

3b. The thermokinetic method: cation basicity
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The pressure issue

Unit conversion factor
v — for T=298 K
0

alnssaid 10ex3

I — Kobs (5_1) _ Kobs
exp [N] P(mbar) 2.4 1

[N] = concentration of neutral molecule in particle cm3

Correction factor from
reference methane reaction

/

P,,s(mbar) 1.62f
Ry
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P(mbar) =

\ Relative responsiveness of the ion
gauge to the volatile neutral
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Choosing R,

26-27/06/2019

Vacuum/volume 33/number 3/pages 149 to 153/1983 0042-207X/83/030149-05%03.00/0
Printed in Great Britain © 1983 Pergamon Press Ltd

Empirical methods for determination of
ionization gauge relative sensitivities for
different gases

John E Bartmess and Rosina M Georgiadis, Department of Chemistry, Indiana University,
Bloomington, IN 47405, USA

received 4 February 1982

The relative sensitivities of a Bayard-Alpert ionization gauge for various organic molecules have been measured.
There is a good correlation with total jonization cross section at 75 eV. For monofunctional compounds a
correlation with number of electrons is seen with different functional groups on different lines. The best general
correlation is with the polarizability, a, with R,=0.36a+0.30, where R, is the chemical sensitivity relative to
N, =1.00. Aikanes and the noble gases have slightly larger R, values than predicted by this equation.
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Compound

o to N, = 1.00

H, 0.44
s ° He 0.33
® L
Ar 1.32 Ej
°r < ® L 2 Q'-
z L v 0 s R H,O 0.97 o
2 * X® a
= " NH, 1.12 &
S o + L
"4 M 0, 0.87 =
S a Lok
t L f* %% N, (1.00)
& AT co, 1.30 D
2r o o % Q
° 6% _ @)
134 CH,CN 1.99 -
<
< S S N S R S R R Pyridine 3.80 =
0 2 49 6 8 s} 12 14 16 18 a
Polarizabitity Me,S 3.47 =
<
Relative ion gauge sensitivities vs polarizability. NO, LSl
P(OMe;,) 3.70
Chloroform 3.34
— CH 1.62
R, = 0.360 + 0.30 !
Acetic acid 1.54
Benzene 4.29
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The methane reaction

alnssaid 10ex3

Kref
CH,** + CH, - CH,* + CH.*

Known rate constant* =k = 1.1 10®° cm3 s’ particle™

AduaI21a uonoeay

k — Kobs — kKobsRx R f — KobsRx 1
ref [N] Pyps2.41016 1.62f Pobs2.41016 1.62 Kyef

*Meot-Ner, M. In Gas Phase lon Chemistry; Bowers, M. T. Ed.; Academic Press: New York, 1979; Vol. |, Chap. VI, pp 197-271
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Time(s) m/z16 m/z17 CH4+. + CH4_’CH3.+ CH5+

0 100 0
0.1 93 7

_ -8 m
02 8 15 Pobs (CH4) = 1.8 10-° mbar x
0.3 76 24 o]
0.4 68 32 o E
05 63 37 " m/z e 3
0.6 56 44 100 =m/z17 S

0.7 48 52 .
0.8 43 57 S
1 36 64 60 2
1.2 28 72 . S
1.5 23 77 !
20 0.
D
>
0 <

k 1 O 1 0 0,2 0,4 0,6 0,8 1 1,2 1,4 1,6
= 1.US
obs Time (s)
f _ Kobs 1 — 2 2

 Pops2.41016 kpop
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Time(s) m/z16 m/z17 In(m/z16) CH4+. n CH4_’ CH3. + CH5+

0 100 0 4.6
0.1 93 7 4.5

_ -8 m
0.2 85 15 44 Pobs (CH4) = 1.8 10-° mbar x
0.3 76 24 4.3 s}
0.4 68 32 4.2 E
L. A ‘ = -1,0352x + 4,6283 -
0.6 56 a4 40 e T T 905 3

0.7 48 52 3.9 '
0.8 43 57 3.8 ©) 2
1 36 64 3.6 N 2
1.2 28 72 3.3 s o
1.5 23 77 3.1 = o}
o)
. T
3,0 ‘ ‘ N

1 0 0,5 1 1,5
kobs =1.0s Time (s)
f _ Kobs 1 — 2 2

 Pops2.41016 kpop
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Time(s) m/z16 m/z17

0 95 5
0.02 88 12
0.04 79 21
0.06 71 29
0.08 65 35

0.1 59 41
0.12 52 48
0.14 47 53
0.16 44 56
0.18 39 61

0.2 34 66

0.3 24 76

kObS — 3 . 2 S -
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100

90
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70

60

50

40

30

20

10

CH,** + CH,— CH," + CH.*

P,,s (CH;) = 5.8 108 mbar

“ e m/z 16

0,2 0,4 0,6 0,8 1
Time (s)

kobs 1

f_Pob52.41016 Kref

= 2.1

3° EU_FT-ICR_MS network short course

1,2

alnssaid 10ex3

AduaI21a uonoeay




Time(s) m/z16 m/z17

0 95 5
0.02 88 12
0.04 79 21
0.06 71 29
0.08 65 35

0.1 59 41
0.12 52 48
0.14 47 53
0.16 44 56
0.18 39 61

0.2 34 66

0.3 24 76

kObS — 5 . 2 S -
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CH,** + CH,— CH," + CH.*

P,,s (CH,) = 8.9 108 mbar

100

90

80

70 i e m/z16
60 = mm/z17
- ||
50 .
40 »
[ ]
30 -
[ ]

20 n °
10 »

| |
0

0 0,05 0,1 0,15 0,2 0,25 0,3 0,35 0,4

Time (s)
f _ Kobs 1 — 2 2

 Pops2.41016 kpof
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CH,** + CH,— CH,* + CH.*

Time(s) m/z16 m/z17 m/z 19

0 85.67 12.39 1.94 CH.*+ H.O — CH, + H.Of
0.005 8421 1357  2.22 5 - 47773
001 81.67 1581 2.52 P... (CH,) = 1.2 107 mbar

0.015 8095 16.41 2.64
002 77.88 1893 320 100

0.025 77.42 19.44  3.15 : :Z ij
0.03 7399 2232  3.69 80 . m/z 15
0.04 72.45 2357  3.99

alnssaid 10ex3

A
0.06 65.05 29.51 5.44 z
0.08 59.91 3382  6.27 =
0.1 5328 3941 731 o
0.15 40.22 4875 11.03 =
2
o
<
kObS - 48 S'l 0 0,05 0,1 0,15 0,2 0,25 0,3 0,35 0,4
Time (s)
Kobs 1
f = = 1.5

 Pops2.4 1016 kyof
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Calculation of

bimolecular rate constant obs

80
60
40
20

[1028]*+ [58] == [1086]*

[((TPFPP)Fe"T"  Acetone

/ e 1028 1086
— -1

| \\\‘\N\r . Pp=43108%mbar —— f=2.11

0 /

4 8 10
Time (s)
“ o obe__gpehy
1.12 €xp P Pops2.410161.62f

O2 0.87 1

N, (1.00) B g . _
o, 130 Kexp = 1.21077 cm? s particle
(CH,),CO 250 >
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Calculation of k,pq

ainssald 10ex3

P Polarizability of
?'016_10- h the neutral .
or g = unit charge 292 105 g
/ for T = 298 K 2
-]
| o
— 1/2 =R
kapo = al/ +@uD §
g <

Reduced mass _
Dipole moment of

Dipole «locking» constant the polar molecule
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Dipole «locking» constant

m
X
3]
0,3 g
I.‘.D/al/Z C P-D/allz C ’ g
0.1155 0.0913 1.155 0.2506 0,25 %
0.2309 0.1416 1.270 0.2542 02
’ By
0.3464 0.1740 1.386 0.2573 §
0,15 =,
0.4619 0.1962 1.501 0.2591 c o 9
0.5774 0.2122 1.617 0.2615 0,1 %.
0.6928 0.2241 1.732 0.2632 005 %
’ <
0.8083 0.2332 1.848 0.2645
0
0.9238 0.2403 1.963 0.2656 05 1 15

T. Su, E.C.F. Su, M.T. Bowers, J. Chem. Phys. 69 (1978) 2243-2250.

Wp/ a2

doi:10.1063/1.436783.

26-27/06/2019 3° EU_FT-ICR_MS network short course 14




Let’s calculate the k,p Of

k
o OF [(TPFPP)Fe!|*+ [Acetone] 25 [(TPFPP)Fe'(acetone
o\
\)\.\) \
Ca(e 207 (e“\e * Q\QA\ 0,3
eV | ™ _ 24 ~3
O, 0 a=6.4110%"cm 0.25
\© ’
K poO© 0,2
u=9.17 1023 g particle™ c 015
0,1
Up=2.8510*¥Ccm 0,05
0
0 0,5 1 1,5 2
3.016 10°16 - W
Kapo = al’? + Cup = 1.7 10° cm? s particle™
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What about the efficiency of the reaction? 7
kexp — @ 121077 071
Kipo - 1.7107%

® represents the fraction of collision events leading to products
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The thermokinetic method

and lan Processes

UL

X

Q

(@)

—

©

Framatonsl Joumal of -

8

/ ) wn
! Mass Spectrometry S
(9]

IER International Journal of Mass Spectrometry and Ton Processes 153 (1996) 37 48

A+H— AH? ELSEV

A relationship between the kinetics and thermochemistry of proton
-AGP=G B(A) transfer reactions in the gas phase

G. Bouchoux*, J.Y. Salpin, D. Leblanc

Département de Chimie, Laboratorie des Mécanismes Reéctionnels, URA CNRS 1307, Ecole Polytechnigue, 91128 Palaiseau,

_AHO — PA(A) Cedex, France

Received 5 October 1995; accepted in final form 7 December 1995

AduaI21a uonoeay

Abstract

For the proton transfer reaction [MH|" + B — M -+ [BH|" (I} a correlation is observed between the experimental
reaction rate k., and the standard free energy variation AG°. This correlation may be described by a relationship of the
type kexp/kecon = 1/[1 +exp(AG° + G}/ RT] where ko is the collision rate constant and AG,” an apparent energy
barrier for reaction (I). It is found that AG; is of the same order as RT and thus the preceding relationship allows the
determination of unknown gas-phase basicities. Implications for the use of the “bracketing™ and the “‘kinetic”” methods
are discussed.

do Ml

Keywords: Bracketing and kinetic methods; Gas-phase; Kinetics and thermochemistry relationship; Proton affinity;
Proton transfer
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AH*+B — A+ BH"

a

®= 1 + elb(c—GB(B))] -

Where: E= adjustement coefficient 1 %
C= cla/Blg) +AGO, GB(A) =c - A =

Apparent energy /

barrier for the reaction AGOa ~ RT
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CH,

cos

C,H,

(CF;),CHOH
CF,COCH,

CF;CH,OH
CF,CO,CH,

CICH,CN

C;H,

CH;NO,

¢-C,H,0

CH,CN

(CH,),0

Acetone

Methyl acetate
Dicyclopropylketone
2-methyloxipropene
Pyridine

4-picoline
2,5-lutidine

GB
(kcal/mol)

130

144
155.7
156.8
165.4
167.4
169.6
170.9
172.7
172.5
178.1

179
182.7
186.9

189
192.3
203.3

207
214.7
218.8

0

0
3.30101
6.00 10-1
1.70 1010
2.44 1010
4.14 1010
6.20 1010
2.301010
6.58 1010
5.90 1010
8.40 1010
6.34 1010
1.01100°
8.85 1010
9.10 1010
1.58 10:0°
8.80 1010
1.74100°
2.00 10

KADO

1.0210°°
1.08 10:0°
1.05100°
1.2010°0°
1.70 10:0°
1.22100°
1.80 100°
2.2210%
1.1510°0°
2.2710%
1.68 10%°
2.7210%
1.44 10°0°
2.03100°
1.58 10:0°
1.5710°°
2.2010%
1.1010%°
1.8310°0°
1.9210%°

()]

0.00
0.00
0.03
0.05
0.10
0.20
0.23
0.28
0.20
0.29
0.35
0.31
0.44
0.50
0.56
0.58
0.72
0.80
0.95
1.00

26-27/06/2019

Efficiency

H,SO,*+ B— H,SO, + BH*

1.0 - EE
0.8 -
06 - .
[ ]
0.4 -
[ ]
[ |
0.2
0.0 4 - F
| | | | |
120 140 160 180 200 220
GB(B) (kcal mol?)
19
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H,SO,*+ B — H,S0, + BH*

[Tl
Do
QD
1.0 Q'_
=)
a B
(I) j— 0.8 - g
1 + elb(c-GB(B))] @
- 0.6 -
O Py
3 S
i 0.4 - =
Value Standard Err w = S
a 1.09618 0.05965 . %
b 0.07103 0.00643 | o)
(@)
c 190.186 2.22651 o <
120 I 1:10 I 1(I30 | 1EI30 | 2CI]0 I 250

GB(B) (kcal mol?)

do Ml

1
GB(H,S0;) = ¢ — 5= 176 kcal mol™*
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Application for cation basicity

CHEMISTRY

A European Journal

a
B 1+ e[b(C—CB(B))] Full Paper

An Experimental and Ab Initio Study of the Nature of the Binding
in Gas-Phase Complexes of Sodium lons

D

T. B. McMahon, Gilles Ohanessian Dr. 5%

First published: 28 July 2000 |
https://doi.org/10.1002/1521-3765(20000818)6:16<2931::AID-CHEM2931>3.0.C0O;2-7 |

Known values for cation basicity for the
neutrals of your choice are required!

2824 J. Phys. Chem. A 2000, 104, 28242833

Revised and Expanded Scale of Gas-Phase Lithium Cation Basicities. An Experimental and
Theoretical Study

Peeter Burk,”' llmar A. Koppel,*' Ivar Koppel,' Riho Kurg,' Jean-Francois Gal,*+
Pierre-Charles Maria,* Marta Herreros,’¥ Rafael Notario,¥ Jose-Luis M. Abboud,?
Frederick Anvia,' and Robert W. Taft**

Institute of Chemical Physics, University of Tartu, 2 Jakobi St., Tartu 51014, Estonia, Groupe FT-ICR,
Université de Nice-Sophia Antipolis, 06108 Nice, Cedex 2. France, Instituto de Quimica Fisica “Rocasolano”,
CSIC, c/Serrano, 119, 28006 Madrid, Spain, and Department of Chemistry, University of California,

Irvine, California 92697-2025

Received: September 3, 1999; In Final Form: January 11, 2000
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[Ph(CH,),NH,Li]*+ B — Ph(CH,),NH, + [BLi]* NH,

-
X
1.0 o
©
@
2
0.8 4 c
. (9]
LiCB o >
(kcal/mol) S 0.6-

S >
CF,CO,CH, 28.9 0.00 = - D
(cPr),CO 38.4 0.05 S
9]
1-methylimidazole 40.2 0.12 0.2 1 §
D
MeOCH,CH,OH 42.6 0.44 3
0.0 5 =

(CH,OMe), 44.9 0.84 : , . , . . . :

30 40 50 60

LiCB(B) (kcal mol?)

1
LiCB(Ph(CH,),NH,) = ¢ — = 42 kcal mol™*
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- -
[Ph(CH2)3NH2L|] +B — Ph(CH2)3NH2 + [BLi.
NH, -
X
10 o
©
o
08 o
=
LiCB > ®
() c
(kcal/mol) @ 06-

R pY)
4= )
CF,CO,CH, 28.9 0.00 L& s
0.4 5 =
(cPr),CO 38.4 0.05 S
i 9]
1-methylimidazole 40.2 0.02 0.2 §
D
MeOCH,CH,OH 42.6 0.08 3
<

(CH,OMe), 44.9 0.40 e = , | | | | |

30 40 50 60

LiCB(B) (kcal mol?)

1
LiCB(Ph(CH,);NH,) = ¢ — = 44 kcal mol™?
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[PhCH,NH,Na]*+ B— PhCH,NH, + [BNa]*

NH

2 Y
Q
Q
©
NaCB o . 3
(kcal/mol) &
0.8- @

C.H, 15.7 0.00
. ) 0.6 Py
Methylamine 19.5 0.01 c @
Acetone 24.1 0.01 g %-
4= 04 =
CH,(OC,H,), 27.6 0.20 %
HCON(CH,), 30.1 0.67 e g
(CH,OMe), 31.1 0.84 | =

10 I 2|0 | 3I0 l 4IO I 5IO
NaCB(B) (kcal mol?)
1
NaCB(PhCH,NH,) = ¢ — S =28 kcal mol™!

dO Ml
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[Ph(CH,),NH,Na]*+ B— Ph(CH,),NH, + [BNa]* NH,

-
&
1.0 4 Q
o
NaCB o @
(kcal/mol) 0.8 =
@D

C.H, 15.7 0.00 .
Methylamine 19.5 0.00 S ?
O o
Acetone 24.1 0.00 v.:2 04 S
L S
CH,(OC,H,), 27.6 0.04 2}
0.2 o,
HCON(CH,), 30.1 0.15 | :
(CH,0Me), 31.1 0.45 00- = . = =

| T I > | ! 1

10 20 30 40 50

NaCB(B) (kcal mol1)

1
NaCB(Ph(CH,),NH,) = ¢ — - =30 kcal mol™?!
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